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Description 

The invention relates to an evaporator according to 
the preamble of claim 1 and to a refrigerating system ac- 
cording to the preamble of claim 21 . 

EP-A-0 328 414 discloses a heat exchanger, where- 
in the refrigerant introduced into the evaporator is cooled 
by the refrigerant discharged from the evaporator. The 
cooling occurs at the inlet to the evaporator by a super- 
cooling liquid state refrigerant. 

An air conditioning apparatus for a vehicle is gener- 
ally constructed by a compressor, a condenser, a receiv- 
er, an expansion valve and an evaporator, which are lo- 
cated on a recirculation line of a cooling medium for ob- 
taining a refrigeration cycle, and a heat exchange takes 
place in the condenser with respect to an air directed to 
a cabin. Namely, a cooling medium from the condenser 
is expanded at the expansion valve, to obtain a com- 
bined gas and liquid state thereof, and then introduced 
into an evaporator, whereby the gas is evaporated by ab- 
sorbing heat from the outside while still subjected to the 
isothermal expansion process, to thereby cool air flowing 
to the cabin. The evaporated and heated gas is intro- 
duced into the compressor under a superheated vapor- 
ized condition. 

A stacked type evaporator is known, wherein a plu- 
rality of evaporating portions are stacked and a common 
inlet for the refrigerant is provided for dividing the flow of 
the refrigerant from the inlet into a plurality of refrigerant 
passageways, to thus obtain a flow of the refrigerant in 
each of the respective passageways. At the inlet of this 
type of evaporator, the refrigerant is in a combined air-liq- 
uid state, and therefore, it is difficult to evenly distribute 
the refrigerant to the passageways, and thus the heat 
exchange efficiency is reduced. To combat this problem, 
Japanese Examined Patent Publication No. 58-41429 
proposed a stacked type condenser, wherein a fixed re- 
striction is provided at each evaporating portion, to there- 
by allow the liquid state refrigerant condensed and liq- 
uidized at the condenser to be introduced . into the re- 
spective passageways without passing through an ex- 
pansion valve, to thus obtain an even distribution of the 
refrigerant. 

The refrigerant must be completely gasified at the 
evaporator, to prevent a liquid state compression at the 
compressor, and accordingly, a heat exchange at the 
evaporator is carried out such that the refrigerant is 
brought to a superheated condition of a predetermined 
degree of superheat at the outlet of the evaporator. As 
is well known, the temperature of the refrigerant remains 
the same during the evaporation, but a superheated va- 
por condition after the completion of the evaporation can 
cause an increase in the temperature of the refrigerant, 
and as a result, a temperature difference will be created 
across the evaporator between the evaporator inlet at 
which the refrigerant is evaporating and the evaporator 
outlet at which the refrigerant is in a super-evaporated 
state. Such a temperature difference causes the air to 



be unevenly cooled at different areas of the evaporator, 
which makes the passenger feel uncomfortable. To com- 
bat this difficulty, the Journal of Nippon Denso Technical 
Disclosures No. 40-076, published in Japan on March 
5 1 5, 1 985, discloses a refrigerating system wherein a high 
temperature conduit upstream of an expansion valve 
and a low temperature conduit downstream of the evap- 
orator, at a position between the evaporator and a ther- 
mo-sensitive tube, are arranged so that a heat exchange 
10 takes place therebetween to thus suppress the super- 
heat generated in the evaporator. 

The stacked type evaporator disclosed in Japanese 
Examined Patent Publication No. 58-41429 suffers from 
a drawback in that, due to a high pressure inside a tank 
15 of the evaporator, the various parts constructing the 
evaporator must have a high pressure resistance, mak- 
ing the system large in size overall. Further, in this prior 
art, the evaporator directly receives the liquid state re- 
frigerant as liquidized at the condenser, and no provision 
is made for controlling the evaporation of the liquid state 
refrigerant, and thus the system cannot quickly respond 
to changes in the air conditioning load. 

The refrigerating system provided for obtaining a 
heat exchange between the high temperature conduit 
upstream of the expansion valve and the low tempera- 
ture conduit downstream of the evaporator, as disclosed 
in the Journal of Nippon Denso Technical Disclosures 
No. 40-076, makes the entire refrigerating system com- 
plicated. Also, the direct introduction of the liquid refrig- 
erant at the evaporator lacks a means for a control of the 
evaporation process, and this makes it difficult to cope 
with changes in the air conditioning load. 

Conversely, the refrigerating system wherein a heat 
exchange is carried out between the high temperature 
conduit upstream of the expansion valve and the low 
temperature conduit downstream of the evaporator also 
makes the total system complicated. Further, a control 
of the heat exchange between the conduits is apt to be 
unstable due to time delays. 

An object of the present invention is to provide an 
evaporator and a refrigerating system, resp., capable of 
overcoming the above-mentioned difficulties in the prior 
art. 

This object is achieved by the features in the char- 
acterizing part of claim 1 and of claim 21, resp. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic illustration of the operation 
of the evaporator according to the present invention; 
Fig. 2 is a plane view of the evaporator according to 
the present invention; 

Fig. 3 is a side view of evaporator according to the 
present invention; 

Fig. 4 is a front view of a plate in the heat exchanger 
shown in Fig. 2; 

Fig. 5 is a cross-sectional view taken along a line 
V-V in Fig. 4; 
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Fig. 6 is a cross-sectional view taken along a line 
IV-IV in Fig. 4; 

Fig. 7 is cross sectional view of the plates as 

stacked, taken along a line V-V in Fig. 4; 

Fig. 8 is cross sectional view of the plates as 

stacked, taken along a line IV-IV in Fig. 4; 

Fig. 9 is a cross-sectional view taken along a line 

XI-XI in Fig. 3; 

Fig. 1 0 is a cross-sectional view taken along a line 
X-X in Fig. 3; 

Fig. 1 1 is a cross-sectional view taken along a line 
IX-IX in Fig. 3; 

Fig. 12 is a front view of a plate in the evaporator 
shown in Fig. 2; 

Fig. 1 3 is a cross sectional view taken along a line 
IIIX-IIIX in Fig. 2; 

Fig. 1 4 is a cross sectional view taken along a line 
VIX-VIXin Fig. 13; 

Fig. 15 is a Mollier chart illustrating a state of the 
refrigerant in the first embodiment; 
Fig. 1 6 illustrates a refrigerating cycle for an air con- 
ditioning apparatus; 

Fig. 1 7 is similar to Fig. 9 but is directed to a second 
embodiment of the present invention: 
Fig. 18 is a front view of a plate of the evaporator in 
the second embodiment; 

Fig. 19 is a diagrammatic view illustrating the oper- 
ation of the second embodiment; 
Fig. 20 is similar to Fig. 9 but is directed to a third 
embodiment; 

Fig. 21 is a plane view of the evaporator in a fourth 
embodiment; 

Fig. 22-(a) is a schematic perspective view of ori- 
fices in the fourth embodiment shown in Fig. 21; 
Fig. 22-(b) is a schematic sectional view of an orifice 
shown in Fig. 22-(a); 

Fig. 23 is a Mollier chart illustrating the operation of 

the embodiment shown in Fig. 21; 

Fig. 24 is a front view of the evaporator in a fifth 

embodiment. 

Fig. 25 is a schematic representation of the flows of 
refrigerant in the fifth embodiment shown in Fig. 24; 
and 

Fig. 26 is a schematic illustration of another embod- 
iment. 

Fig. 27 shows another embodiment wherein a ser- 
pentine pipe is employed for obtaining a pressure 
reduction of the refrigerant. 

Fig. 28 shows a Mollier chart illustrating the opera- 
tion of the embodiment in Fig. 27. 
Fig. 29 is similar to Figs. 1 or 1 9 but is a diagram- 
matic view illustrating the operation in the embodi- 
ment in Fig. 27. 

Fig. 30 is a diagrammatic view of another embodi- 
ment. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments of the present invention will be de- 

5 scribed with reference to the attached drawings, wherein 
Figs. 1 to 16 illustrate a first embodiment of the present 
invention directed to a stacked type evaporator. Figure 
16 shows a simplified outline of a refrigerating cycle car- 
ried out in an air conditioning apparatus including a com- 

10 pressor 1 , a condenser 2, an expansion valve 3, and an 
evaporator 4. A refrigerant, in a gaseous state and under 
a high pressure, from the compressor 1 is introduced into 
the condenser 2 and is liquidized thereat. The liquid re- 
frigerant from the condenser 2 is then expanded at the 

is expansion valve 3 and introduced into an evaporator 4, 
whereat the refrigerant is vaporized and brought to a 
gaseous state. As is well known, an air flow to be air con- 
ditioned is brought into contact with the evaporator 4 to 
carry out a heat exchange between the evaporated re- 

20 frigerant therein and the air flow. 

Figure 1 is a diagram showing a stacked type evap- 
orator used in the refrigerating cycle shown in Fig. 16 in 
an air conditioning apparatus used for a vehicle. The 
evaporator is arranged downstream of an expansion 

25 valve 1 00 and is provided with a joint block 1 0 for receiv- 
ing the refrigerant from the expansion valve 100 and for 
discharging evaporated refrigerant outside of the evap- 
orator, a heat exchange section 20 for carrying out a heat 
exchange between the evaporated refrigerant before it 

30 is evaporated and the refrigerant after it is evaporated, 
as will be fully described later, and a refrigerant evapo- 
rating section 50 for carrying out a heat exchange be- 
tween the evaporated refrigerant and the outside air. 
As shown in Fig. 2, the joint block 10 is provided with 

35 an inlet 1 1 for an introduction thereto of a refrigerant in 
a combined gas-liquid state, and an outlet 12 for dis- 
charging the refrigerant after it has passed through the 
evaporating section 50. 

The heat exchange section 20 is constructed by 

40 plates 21, as shown in Fig. 4, connected to each other 
by soldering, to be stacked as shown in Fig. 2 so that 
flows of refrigerant are obtained between the plates. Fig- 
ure 5 is a cross-sectional view of the plate 2 1 taken along 
the line V-V (reference numerals are shown without 

45 brackets), or taken along the line V-V (reference numer- 
als are shown in brackets). Figure 6 is a cross-sectional 
view of the plate 21 along the line IV-IV in Fig. 4, Fig. 7 
is a cross sectional view of the plates 21 taken along the 
line V-V in Fig. 4, when stacked to construct a heat ex- 

50 change section 20, and Fig. 8 is cross sectional view of 
the plates 21 taken along the line IV-IV in Fig. 4, when 
stacked to construct a heat exchange section 20. As 
shown in Fig. 4, the plate 21 is provided with openings 
25 and 27, and 30 and 31 at vertically symmetrical posi- 

55 tions at the top and bottom portions thereof as will be 
described later, and a plurality of vertically extending 
U-shaped grooves separated by vertically extending flat 
portions, which grooves form passageways for the re- 
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frigerant when the plate 21 is stacked, as fully described 
later. As shown in Figs. 4 and 6, the plate 21 , except at 
the top and bottom ends thereof, is provided with hori- 
zontally spaced, vertically extending U-shaped grooves 
and vertically extending fiat portions separating the 
U-shaped grooves. As a result, vertically extending 
grooves 22 having a U-shaped cross-section are formed 
on one side (lower side in Fig. 6) of the plate as shown 
in Fig. 6, and therefore, on the opposite side (upper side 
in Fig. 6) of the plate 21 , vertically extending grooves 23 
are formed on the flat portions separating the adjacent 
U-shaped grooves, as shown in Fig. 6. As shown in Figs. 
4 and 5, the plate 21, at the bottom and on one side 
(lower side in Fig. 5) thereof, has a recess 24 defining 
an opening 25 for receiving the refrigerant from the inlet 
1 1 in the joint block 1 0, and at the bottom end of the plate 
21 , a flat recess 26 is also formed on the other side (up- 
per side in Fig. 5) thereof, which portion 26 forms a hor- 
izontal elongated opening 27 for discharging the refrig- 
erant from the refrigerant vaporizing section 50 to the 
outlet 12 in the joint block 10. 

Similar to the bottom portion thereof, the top portion 
of the plate 21 has a flat portion 28, and an opposite flat 
recess 29, defining openings 30 and 31, respectively, 
having the same shape as that of the openings 25 and 
27, respectively. (Refer to bracketed numerals in Fig. 5.) 

As shown in Fig. 7, which shows the stacked condi- 
tion taken along the line V'-V in Fig. 4, and in Fig. 8, 
which shows the stacked condition taken along the line 
IV-IV in Fig. 4, the plates are stacked between a pair of 
end plates 32 and 33 such that two adjacent plates op- 
posite each other. Furthermore, the end plate 32 adja- 
cent to the refrigerant evaporating portion 50 defines 
holes 34 and 35 aligned with the holes 30 and 31 , re- 
spectively, in the plates 21 as stacked. Conversely, the 
end plate 33 adjacent to the joint block 1 0 defines holes 
36 and 37 aligned with the holes 25 and 27, respectively, 
in the plates 21 as stacked. 

The stacked construction of the plates 21 as shown 
in Fig. 7 provides, at the top portion of the heat exchange 
section 20, a horizontally extending cavity 40 (below, top 
inlet refrigerant tank) via the aligned openings 30 in the 
flat portions 28, and a horizontally extending cavity 41 
(below, top outlet refrigerant tank) via the aligned open- 
ings 31 on the flat portions 29. Similarly, as shown in Fig. 
1 1 , the stacked construction of the plates 21 provides, at 
the bottom portion of the heat exchange section 20, a 
horizontally extending cavity 42 (below, bottom inlet re- 
frigerant tank) via the aligned openings 25 in the flat por- 
tions 24, and a horizontally extending cavity 43 (below, 
bottom outlet refrigerant tank) via the aligned openings 
27 on the flat portions 26. Furthermore, as shown in Fig. 
8, the middle portion of the plates 21 as stacked forms, 
by the grooves 22 on the facing sides of the adjacent 
plates 21 , a plurality of horizontally spaced, vertically ex- 
tending passageways 44 (below, refrigerant inlet pas- 
sageways) connecting the top inlet refrigerant tank 40 
and the bottom refrigerant inlet tank 42. In a similar way, 



the middle portion of the plates 21 as stacked forms, by 
the grooves 23 on the facing sides of the adjacent plates 
21 , a plurality of horizontally spaced, vertically extending 
passageways 45 (below, refrigerant outlet passage- 
5 ways) connecting the top outlet refrigerant tank 41 and 
the bottom refrigerant outlet tank 43. As will be clear from 
the above explanation, each plate 21 of the heat ex- 
change section 20 forms on one major side thereof a plu- 
rality of horizontally spaced, vertically extending grooves 
22 which, in cooperation with facing grooves 22 on the 
facing side of the adjacent plate 21, form a plurality of 
horizontally spaced, vertically extending refrigerant inlet 
passageways 44, and forms on the other major side 
thereof a plurality of horizontally spaced, vertically ex- 
tending grooves 23 which, in cooperation with facing 
grooves 23 on the facing side of the adjacent plate 21 , 
form a plurality of horizontally spaced, vertically extend- 
ing refrigerant outlet passageways 45. 

The flow of the refrigerant in the heat exchange sec- 
tion 20 of the evaporator 4 will be explained with refer- 
ence to Figs. 9, 10 and 11, which are cross sectional 
views taken along the lines XI-XI, X-X and IX-IX, respec- 
tively, in Fig. 3. The refrigerant from the inlet opening 11 
of the joint block 1 0 (below, inlet refrigerant) is introduced 
into the bottom inlet refrigerant tank 42 as shown by an 
arrow a in Fig. 11 , and is directed to and moved upward 
in the inlet refrigerant passageways 44 formed between 
plates 2 1 at the facing sides thereof, as shown in Fig. 1 0. 
The refrigerant from the inlet refrigerant passageways 
44 is introduced into the top inlet refrigerant tank 40 as 
shown by an arrow b, and is delivered to the refrigerant 
evaporating section 50 as shown by an arrow b\ in Fig. 
9. The flows in the refrigerant evaporating section 50 will 
be described later. The refrigerant is evaporated at the 
refrigerant evaporating section 50 as shown by an arrow 
c| (below, outlet refrigerant) and then introduced into the 
top outlet refrigerant tank 41 as shown by an arrow c in 
Fig. 9 and directed to and moved downward in the outlet 
refrigerant passageways 45 formed between the plates 
21 at the facing sides thereof, as shown in Fig. 10. The 
refrigerant from the outlet refrigerant passageways 45 is 
introduced into the bottom outlet refrigerant tank 43 as 
shown by an arrow d, and is emitted from the outlet open- 
ing 12 of the joint block 10 and directed, via the ther- 
mo-sensitive valve 101, to the compressor 1 shown in 
Fig. 1 . As will be clear from the above description, a heat 
exchange takes place between the inlet refrigerant in the 
passageway 44 and the outlet refrigerant in the passage- 
way 45. The details of this heat exchange between the 
inlet refrigerant and the outlet refrigerant will described 
later. 

The refrigerant evaporating section 50 is construct- 
ed by corrugated fins 51 (below, fin) and plates 52, which 
are stacked and connected to each other by soldering 
as shown in Fig. 13, which is a cross-sectional viewtaken 
along the line IIIX-IIIX in Fig. 2, and in Fig. 14 which is a 
cross sectional viewtaken along the line VIX-VIX in Fig. 
1 2 or 1 3. As shown in Fig. 1 2, the plate 52 has an elqn- 
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gated, substantially rectangular shape, and at the top 
portion thereof, has a -tubular outwardly raised, cup 
shaped portion 53 having a substantially circular cross 
sectional shape and constructing an inlet tank 70, having 
at an outer end thereof a circular opening 55, and a tu- 5 
bular outwardly raised portion 54 constructing an outlet 
tank having an elongated rectangular cross-sectional 
shape, and at the outer end thereof, having an elongated 
opening 54. As shown in Fig. 13, when the plates are 
stacked, a pair of plates 52 adjacent to each other are 10 
arranged in a face to face contacting condition so that 
the tubular raised portions 53 and 54 are extended and 
together form a space therebetween. Further, between 
the pairs of the plates adjacent to other, raised portions 
53 and 54 of a plate of one of the adjacent pairs of plates 'S 
is in contact with raised portions 53 and 54, respectively, 
of the plate of the other pair of plates, and as a result, 
when the plates 52 are stacked, a horizontally extending 
inlet tank 70 having a substantially circular tubular shape 
is formed by the tubular portions 53 connected in series 20 
with each other, and a horizontally extending outlet tank 
71 having an elongated tubular shape is formed by tu- 
bular portions 54 connected in series with each other. 
The inlet tank 70 is communicated with the top inlet re- 
frigerant tank 40 of the heat exchange section 20, and 25 
the outlet tank 71 is communicated with the top outlet 
refrigerant tank 41 of the heat exchange section 20. 

The plates 52 are slightly outwardly projected at the 
middle portions thereof, so that an inner recess 57 de- 
limited by a partition wall 59 as a substantially closed 30 
loop is created, whereupon when the plates are stacked, 
refrigerant passageways 80 are formed between the in- 
ner side of the plates 52 facing inward. A plurality of in- 
clined ribs 58 are formed at the inner recess 57 of the 
plate 52, and have a U-shape cross-section extending 35 
inward for improving the heat exchange of the refriger- 
ant, and a central partition 59 for initially directing the re- 
frigerant downward and then changing the direction 
thereof upward toward the outlet tank 71 . The central 
partition 59 is inclined such that the passageway has a 40 
varied width which is initially small and then increases in 
the direction of the refrigerant flow, as shown by an arrow 
f. As a result, a constant pressure loss of the refrigerant 
is maintained regardless of the expansion of the refrig- 
erant, which is further increased as the evaporation proc- 4 $ 
ess proceeds. A restricted groove 59a is formed between 
the tubular portion 53 and the inner recess 57, which al- 
lows a flow of the refrigerant in the inlet tank 53 into the 
inner recess 57 via the groove 53. 

The refrigerant evaporating section 50 is composed so 
of a stack of plates 52 arranged between the end plate 
61 and the end plate 32 of the heat exchange section 20, 
in such a manner that one pair of adjacent plates 52 face 
inward to each other, to form a refrigerant passageway 
80 therebetween. The grooves 59a on the plates of each ss 
pair of inwardly facing plates creates throttle portions 60 
for restricting the refrigerant passageway 80, to thus re- 
duce the pressure of the refrigerant introduced into the 



evaporation passageway 80. Corrugated fins 51 are ar- 
ranged between the facing rear sides of the plates op- 
posite to the refrigerant passageways, and connected 
thereto by soldering. Noted, in the inward facing opposite 
pair of the plates 52, the inclined cross ribs 58 on one of 
the inner sides of the inward facing pairs extend so that 
they cross the inclined cross ribs 58 on the other plate 
of the pair. 

The flow in the refrigerant evaporation section 50 
constructed by the stack of the plates 52 is shown by 
arrows e : f and <j in Fig. 12. The refrigerant from the top 
inlet refrigerant tank 40 of the heat exchange section 20 
is introduced into the inlet tank 70 formed inside the cup 
portions 53 connected in series by the plates 52 when 
stacked. The refrigerant in the inlet tank 70 is distributed 
to the orifices 60 arranged along the horizontal length of 
the evaporating section 50 between the adjacent pairs 
of the plates 52 facing inward, and is introduced into the 
passageway 80 formed between the facing inner recess- 
es 57 of the adjacent plates 52, initially downwardly as 
shown by the arrow e in Fig. 1 2. The flow then changes 
direction upward, as shown by the arrow f, and finally is 
introduced, as shown by the arrow 3, into the outlet tank 
71 formed by the tubular projections 54 of the plates 52 
connected in series when stacked. When the refrigerant 
passes through the passageways 80 formed by the re- 
cess 57 of the inwardly facing pairs of the plates 52, the 
arrangement of the inclined ribs 58, which are facing and 
cross each other, allows the refrigerant to be evenly dis- 
tributed along the entire region of the passageway 80, to 
thereby obtain an effective heat exchange. Noted, in Fig. 
14, reference a numeral 81 is a portion of the passage- 
way 80 between the facing inner recesses 57 of the ad- 
jacent pair of plates 52 where in the refrigerant flows 
downward as shown by the arrow e in Fig. 12, and ref- 
erence numeral 82 is a portion of the passageway 80 
wherein the refrigerant flows upward as shown by the 
arrow g in Fig. 1 2. It should be also noted that the pas- 
sageway 80 between the facing inner recesses 57 of the 
adjacent pair of the plates 52 is referred to below as an 
evaporation passageway 80. A heat exchange between 
the refrigerant in the evaporation passageway 80 and the 
air flow in contact with the fin 5 1 occurs, to evaporate the 
refrigerant and obtain a isothermal expansion thereof. 

A condition of the refrigerant in the evaporator in the 
first embodiment of the present invention will now be ex- 
plained with reference to Figs. 1 and 15. Figure 15 illus- 
trates a Mollier diagram showing the status of the refrig- 
erant in the evaporator. The refrigerant in a gaseous 
state is subjected to a high pressure by a compression 
in the compressor (line m in Fig. 15), and is introduced 
into the condenser to cause the refrigerant to be subject- 
ed to a heat emission, and thus be changed from a gas 
to a liquid (line n in Fig. 1 5). In a usual refrigerating cycle, 
the refrigerant is expanded at the expansion valve on a 
line o toward a point w, so that the refrigerant is in a com- 
bined gas-liquid condition at the inlet of the evaporator, 
which makes it difficult for the refrigerant to be evenly 
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distributed in the evaporator in the prior art. According to 
the first embodiment of the present invention, at the heat 
exchange section 20, a heat exchange takes place be- 
tween the inlet refrigerant and the outlet refrigerant hav- 
ing a temperature lower than the temperature of the inlet 
refrigerant, due to the provision of the orifice portions 60 
at the inlet of the evaporator passageway 80 from the 
inlet tank portion 70, as fully explained later. As a result, 
a condition of the inlet refrigerant is changed along a line 
p_ toward a point x t to obtain a cooling of the cooling me- 
dium. Accordingly, the refrigerant from the inlet tank 70 
of the evaporating section 50 can be evenly distributed 
to the evaporation passageways 80 between the inward 
facing adjacent plates 52. The orifices 60 at the inlet of 
the evaporation passageways 80 allow the refrigerant to 
be cooled to a point Y having a low temperature, along 
a linepj, to obtain a combined gas-liquid condition, and 
thus a heat exchange of the refrigerant with respect to 
the air takes place via the fins 51, permitting the refrig- 
erant to be evaporated (liner in Fig. 15). Before the evap- 
oration is completed the refrigerant (outlet refrigerant) is 
collected at the outlet tank 71 of the refrigerant evapo- 
rating section 50, and is delivered to the heat exchange 
section 20 at point z. When passed through the outlet 
passageways 45 between the plates 21 of the heat ex- 
change section 20, the refrigerant (outlet refrigerant) is 
subjected to a heat exchange with the inlet refrigerant 
passing through the inlet passageways 44 between the 
plates 21 , so that the refrigerant becomes a super-heat- 
ed vapor on a line s in Fig. 1 5 at a position located outside 
of the saturating curve, and is supplied to the compressor 
via the thermo-sensitive tube 101 . 

The above operation of the evaporator will now be 
explained with reference to Fig. 1 . When passing through 
the inlet refrigerant passageway 44, the refrigerant (inlet 
refrigerant) from the expansion valve 100 in the com- 
bined gas-liquid state is subjected to a heat exchange 
with the low temperature refrigerant (outlet refrigerant) 
passing through the outlet refrigerant passageway 45, 
which causes the inlet refrigerant to be cooled to a liquid 
state, and is then introduced into the inlet tank 70. Noted, 
a hatched portion in Fig. 1 is the part of the refrigerant in 
the liquid state. The refrigerant in the inlet tank 70 is 
evenly introduced into the evaporation passageways 80 
via the respective orifices 60, with a reduced pressure to 
provide a combined liquid-gas state at a low, tempera- 
ture, which is subjected to a heat exchange with the air 
by way of the fins 51 , whereby the refrigerant is gasified 
while being maintained to an isothermal condition. Just 
before it is gasified, the refrigerant is introduced into and 
collected at the outlet tank 71 of the refrigerant evapo- 
rating section 50, and is directed into the outlet refriger- 
ant passageways 45 of the heat exchange section 20. 
The outlet refrigerant at the passageways 45 is subject- 
ed to a heat exchange with the inlet passageway 44, and 
is heated to obtain a super-heated vapor. Thus, the heat 
exchange of the refrigerant at the each evaporation pas- 
sageway 80 does not reach the superheated condition, 



as this super-heating takes place in the heat exchange 
part 20, and thus the refrigerant is maintained at a con- 
stant temperature at the evaporating section 50. 

As described above, according to the first embodi- 

s ment of the present invention, the provision of the heat 
exchange section 20 and the orifices 60 causes the inlet 
refrigerant in a gas-liquid state and the outlet refrigerant 
in a combined gas-liquid state to be subjected to a heat 
exchange whereby the refrigerant is evenly supplied to 

10 the each of the evaporation passageways 80, while 
maintaining a constant temperature at the each of the 
evaporation passageways 80. The even supply of the re- 
frigerant increases the heat exchange efficiency, which 
allows the refrigerant to be subjected to an isothermal 

is evaporation whereby the refrigerant can evenly heat ex- 
changed with the air, to thus obtain a constant tempera- 
ture of the air after contact with the fins 51 . 

According to the embodiment of the present inven- 
tion, on one side of the stacked type evaporation, which 

20 is of a conventional design, the heat exchange section 
20 is arranged, and on the side of the heat exchange 
section 20 remote from the evaporator, the expansion 
valve 100 and the thermo-sensitive tube 101 are ar- 
ranged, and such an arrangement allows a heat ex- 

2S change to take place between the expansion valve 100 
and the thermo-sensitive tube 101, resulting in an im- 
proved control performance. In addition, the evaporator 
according to the present invention can be incorporated 
into a conventional refrigerating system without chang- 

30 ing and complicating the system. The provision of the 
orifices 60 does not requ ire the parts to have a high pres- 
sure resistance. Furthermore, a reverse direction of the 
flow of the refrigerant at the outlet refrigerant passage- 
ways 45 of the heat exchange section with respect to the 

35 direction of the flow of the refrigerant at the inlet refrig- 
erant passageways 44 can improve a heat exchange ef- 
ficiency between the inlet refrigerant and the outlet re- 
frigerant. Finally, a selective closure of a desired opening 
25, 27, 30 or 31 in the refrigerant tank 40, 41 , 42 or 43 

40 by a blind plug allows the passing of the refrigerant in the 
evaporating passageway 80 to be suitably changed, per- 
mitting the performance of the evaporation, such as the 
degree of the superheated condition, to be desirably ad- 
justed. 

45 Figure 1 7 to 20 show second and third embodiments 
of the present invention. In these embodiments, only the 
positions of the orifices are different from those in the 
first embodiment. The parts in these embodiments hav- 
ing functions similar to those in the first embodiment are 

so designated by the same reference numbers. Figure 17 
to 1 9 show a second embodiment, wherein a orifice 1 60 
having an inner diameter of between 1 .0 mm to 5.0 mm 
is arranged in an end plated 32 located between the re- 
frigerant evaporating section 50 and the heat exchange 

55 section 20 in such a manner that the orifice 160 is com- 
municates the top inlet refrigerant tank 40 of the heat ex- 
change section 20 from the inlet passageways 44 with 
the inlet tank 70 of the evaporating section 50, as shown 
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in Fig. 17. Therefore, unlike the first embodiment shown 
in Fig. 12, the plate 52 of the evaporating section 50 of 
the second embodiment shown in Fig. 18 is not provided 
with an orifice between the inlet tank 70 and the refrig- 
erant passageway between the recess 57 of the inwardly s 
facing plates 52. The provision of a single orifice 160 al- 
lows the inlet refrigerant introduced into the inlet tank 
portion 70 to reach a combined gas-linked state. In this 
case, inside the inlet tank portion 70, among a plurality 
of evaporating passageways 182a, 182b, 182c, 182d, 
182e, etc., located at the top, most of the gaseous state 
refrigerant above the liquid state refrigerant is introduced 
into the evaporation passageway 182a or the evapora- 
tion passageways 182a and 182b located near the re- 
frigerant inlet passageway 44 of the heat exchange sec- 
tion 20 (Fig. 1 9). Therefore, at the inlets of the remaining 
evaporation passageways, the refrigerant is mainly in 
the liquid state, similar to the first embodiment, so that 
an even supply of the inlet refrigerant to the evaporation 
passageways can be obtained. The even supply of the 
inlet refrigerant to the evaporation passageways allows 
the heat exchange efficiency to be increased. In addition, 
because the orifice 1 60 is provided only at single location 
a difficulty in maintaining a desired precision of the di- 
mension of a plurality of orifices can be eliminated, which 
otherwise would make the amount of flow different be- 
tween the evaporation passageways 182a, 182b, 182c, 
182d, 182e, etc., causing the heat exchange efficiency 
to be worsened. 

Figure 20 shows a third embodiment, wherein an or- 
ifice 190 in the partition wall 32 between the heat ex- 
change section 20 and the evaporating section 50 has a 
nozzle shape and can eject a flow of the refrigerant into 
the tank 70 of the evaporating section 20. The remaining 
construction is the same as that of the second embodi- 
ment. Such shape of the orifice 1 90 in the third embod- 
iment is advantageous in that there is a large distance 
between the heat exchange section 20 and the evapo- 
rating section 50, since a high speed flow of the refriger- 
ant from the tank 40 of the heat exchange section 20 into 
the tank 70, even if it is spaced therefrom, is obtained. 

Note, the evaporating section 50 and the heat ex- 
change section 20 are formed as one body, but these 
sections can be separated and connected to each other 
by conduits. Namely, where used for an air conditioning 
apparatus for an automobile, the evaporating section 50 
could be arranged inside a cabin, and the heat exchange 
section could be arranged outside of the cabin. 

Figure 21 to 23 show a fourth embodiment directed 
to a serpentine type evaporator for an air conditioning 
apparatus for an automobile. The serpentine type evap- 
orator has a tube with multi-passageways arranged 
therein in a serpentine fashion. In this serpentine type 
evaporator, the refrigerant is gasified before the refriger- 
ant introduced at one end thereof reaches the other end 
of the tube, which reduces the efficiency of the evapora- 
tor. The recirculation system of the refrigerant for an air 
conditioning system requires that the refrigerant be fully 



evaporated, and thus a liquid state refrigerant must not 
returned to the compressor. Therefore, the air at the por- 
tion after gasification is cooled, and a result, a reduction 
of the efficiency of the evaporator is inevitable. 

The fourth embodiment is directed to overcoming 
the above-mentioned drawback in the serpentine type 
evaporator by providing a construction wherein the outlet 
tube for the refrigerant is heated by the inlet tube for the 
refrigerant to obtain a super heated vapor so that the 
cooling of the air by the tube occurs only up to the loca- 
tion thereof at which the dehydration of the refrigerant 
occurs. The details of the fourth embodiment will be ex- 
plained. Figure 21 shows a evaporator 1 1 1 which, similar 
to the conventional serpentine type evaporator, includes 
fins 111 , a tube 112 with multi-passageways therein, an 
inlet header 1 1 4a, an outlet header 1 1 4b 5 inlet pipe 1 1 5a, 
and an outlet pipe 1 1 5b. The tube 1 1 2 has an inlet portion 
112a from the inlet header 114a and an outlet portion 
1 1 2b to the outlet header 1 1 4b, these inlet and outlet por- 
tions 112a and 112b being in contact with each other. 
Note the portions of the inlet tube 112a and the outlet 
tube 1 1 2b in contact with each other are referred to as 
tube contacting portions. The outlet pipe 115b is con- 
nected, via a compressor, a condenser and an expan- 
sion valve, not shown, to the inlet pipe 115a. At the down- 
stream end of the inlet 1 1 2a of the tube 1 1 2, the tube 1 1 2 
is inwardly deformed to obtain an orifice 113. Note, the 
inlet tube 112a is a portion of the tube from the header 
1 1 4a to the orifice 1 1 3, and the outlet tube 1 1 2b is a por- 
tion of the tube 1 1 2 from the orifice 1 1 3 to the outlet head- 
er 114b. The outlet tube 112b has a serpentine portion 
constructed by parallel straight sections connected by 
semicircular sections, between which straight sections 
fins 1 1 1 are arranged in contact therewith. Note, the ser- 
pentine portion of the outlet tube 1 1 2b in contact with the 
fins corresponds to the refrigerant passageways 80 of 
the refrigerant evaporating portion 50 of the first embod- 
iment. The inlet tube 112a in contact with the outlet por- 
tion 112b corresponds to the inlet refrigerant passage- 
way 44 of the heat exchange section 20 of the first em- 
bodiment. 

The operation of the evaporator 111 of this embod- 
iment will now be explained with reference to the Mollier 
chart shown in Fig. 23. The lines b, c, d and a illustrate 
the flow of the refrigerant at the evaporator. The line c 
shows an adiabatic expansion region due to the provi- 
sion of the throttle 1 1 3, which allows the refrigerant to be 
subjected to the adiabatic expansion, whereby the refrig- 
erant is gasified to obtain a low temperature thereof so 
that the temperature of the refrigerant at the inlet before 
gasification is higher than the temperature of the refrig- 
erant at the outlet. As a result, the temperature of the 
refrigerant at the inlet tube 1 1 2a located at the refrigerant 
inlet side of the tube contacting portion is cooled by the 
refrigerant at the refrigerant at the outlet tube 1 1 2b, caus- 
ing the refrigerant in the combined gas-liquid state to be 
changed to a liquid state. Contrary to this, the refrigerant 
in the outlet tube 112b located at the refrigerant outlet 
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side of the tube contacting portion is heated by the re- 
frigerant in the inlet tube 112a, so that the refrigerant is 
heated to obtain a superheated vapor. Namely, in the 
Mollier chart in Fig. 23, the line b corresponds to the tube 
contacting portion at the inlet side of the tube, and the 
line d corresponding to the portion of the air cooled by 
the fins 111. As a result, the tube contacting portion at 
the outlet is shown by a line a corresponding to the su- 
perheated condition, which prevents the refrigerant from 
being used for cooling the air, and thus provides an ef- 
fective heat exchange. Note, the lines m, n and o in Fig. 
23 correspond to m, n and o respectively, in Fig. 1 5, and 
therefore, a detailed explanation thereof will be omitted. 
Further, the line cT corresponds to the prior art. 

Figure 24 and 25 show a fifth embodiment wherein, 
instead of arranging the evaporating section 50 on only 
one side of the heat exchange section 20 as in the first 
embodiment as shown in Fig. 1 , heat exchange sections 
1 28 are arranged on both sides of the heat exchange 
section 121. The first embodiment wherein the evapo- 
rating section 50 is arranged only on one side of the heat 
exchange section 20 as shown in Fig. 1 makes an ar- 
rangement of conduits for the evaporator complicated 
when the conduits are taken from the evaporator at the 
center portion of the core portion. Furthermore, because 
the inlet refrigerant from the side of the evaporator sec- 
tion 202 is divided into branch passageways in the evap- 
orator section 202, and the core portion has a long 
length, the refrigerant is unevenly introduced into the 
branch passageways, and thus the efficiency of the 
evaporator is worsened. 

To eliminate the above difficulty, the fifth embodi- 
ment shown in Figs. 24 and 25 provides an evaporator 
having a high efficiency, and obtains an introduction of 
an even amount of refrigerant to each branch passage- 
way of the refrigerant evaporating section. The evapora- 
tor 120 in the fifth embodiment shown in Figs. 24 and 25 
is provided with a heat exchange section 121 and refrig- 
erant evaporating sections 122 arranged on both sides 
- of the heat exchange section 121. The heat exchange 
section 121 is provided with an inlet passageway 123, 
divided at the bottom thereof into two sections, in the 
right-hand and left-hand directions, which are connected 
to the respective refrigerant evaporating sections 122, 
and are connected to branched refrigerant evaporation 
passageways 125 via respective orifices 124. The 
branched refrigerant evaporation passageways 1 25 are 
provided with fins 1 26, and each of the branched refrig- 
erant evaporation passageways 125 moves upward in 
the refrigerant evaporation section 1 22, and changes the 
direction of the movement thereof downward. As a result, 
the flows are combined at the bottom of the refrigerant 
evaporating section 122, and are directed into an outlet 
passageway 127 in the heat exchange section 121, the 
passageway 1 27 being connected to a compressor (not 
shown). The inlet passageway 123 and outlet passage- 
way 127 are arranged adjacent to each other, to obtain- 
ing a heat exchange therebetween. The operation of the 



evaporating section is similar to that of the first embodi- 
ment, and therefore, and explanation thereof is omitted. 
Note, instead of providing the orifices 1 24 at the inlets of 
the respective branched passageways 1 25, common or- 
s if ices 124a can be provided at the left-hand and 
right-hand portions of the passageways after they are 
branched from the inlet passageway 123. 

The length of the core portion 1 28 of the evaporating 
section 122 of the evaporator 120 according to the em- 
10 bodiment in Figs. 24 and 25 can be a half of that of the 
prior art shown in Figs. 26 and 27, and thus this embod- 
iment allows the refrigerant from the inlet passageway 
123 to be evenly supplied to the branched evaporation 
passageways 125, resulting in an increase in the effi- 
»5 ciency of the evaporator. As another advantage, an ad- 
dition of heat exchange section for a mutual heat ex- 
change of the inlet and outlet refrigerant with respect to 
a conventional evaporator taken out of a central pipe al- 
lows the number of turns of the refrigerant in the evapo- 
rator to be reduced, resulting in a reduction of the pres- 
sure loss, and thus increasing the efficiency of the evap- 
orator. 

In the above embodiments, the refrigerant from the 
expansion valve is subjected to a heat exchange with the 
refrigerant from the evaporator, but as a modification, the 
refrigerant before being introduced into the expansion 
valve 100 can be subjected to a heat exchange with the 
refrigerant from the evaporator, as shown in Fig. 26, at 
the heat exchange section 20. The heat exchange sec- 
tion 20 is arranged to obtain a heat exchange between 
the refrigerant flowing from the condenser to the expan- 
sion valve 100 and the refrigerant flowing from the evap- 
orator 50 to the compressor. 

In another embodiment shown in Fig. 27, a serpen- 
tine structure of an inlet passageway 244 from the ex- 
pansion valve 1 00 is employed for reducing the pressure 
of the refrigerant introduced into the evaporator. The inlet 
passageway has serpentine structure wherein a plurality 
of changes of the direction of the flow of the refrigerant 
occur at turning points as shown by arrows 200, to obtain 
a longer flow path for the refrigerant before it is intro- 
duced into the evaporator 50. Due to this pressure re- 
duction, a gas-liquid combined state of the refrigerant is 
obtained before it is introduced into the evaporator. The 
inlet passageway 244 is arranged so that a heat ex- 
change of the refrigerant occurs with respect to the re- 
frigerant in the outlet passageway 45 from the evapora- 
tor 50, to thereby obtain a superheated condition of the 
refrigerant in the outlet passageway 45. 

The operation of the embodiment shown in Fig. 27 
is explained with reference to a Mollier diagram in Fig. 
28. After the radiation at the condenser (line n), the state 
of the refrigerant subjected to the compression (line m) 
by the compressor is changed from a gas state to a liquid 
state. In a usual refrigerating cycle, the liquid state re- 
frigerant is subjected to an evaporation process up to a 
point w along a line o in Fig. 28, to obtain a refrigerant 
in a combined gas-liquid state which is introduced into 
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the evaporator section 50, which prevents the refrigerant 
from being evenly introduced to the evaporator section 
50. Contrary to this, in the embodiment in Fig. 27, the 
refrigerant from the expansion valve 100 is subjected to 
repeated changes of the direction of the flow at the inlet 
passageway 244 which increase the pressure loss 
across the passageway 244, and thus the pressure of 
the refrigerant is gradually reduced as the directional 
changes of the flow occur at the respective turning 
points. At the same time, the refrigerant is subjected to 
a cooling by a low temperature refrigerant in the pas- 
sageway 45 at the heat exchange section 20. Numerals 
1 through 8, as circled on linejD in Fig. 28, illustrate such 
a reduction of the pressure toward a point x, which oc- 
curs at each turning point, while the temperature of the 
refrigerant is reduced. As a result, as schematically 
shown in Fig. 29, almost all of the gaseous state refrig- 
erant is introduced into the evaporation passageways 80 
near the heat exchange section 20. As a result, almost 
all of the remaining evaporation passageways 80 can re- 
ceive liquid state refrigerant, thereby permitting the re- 
frigerant to be evenly distributed along the entire portion 
of the evaporating portion 50. Furthermore, a heat ex- 
change occurs between the refrigerant in the inlet pas- 
sageway 44 and the refrigerant in the outlet passageway 
45, to thus obtain a superheated condition of the refrig- 
erant in the outlet passageway 45. 

Figure 30 shows still another embodiment, wherein 
a heat exchanger 344 is arranged in a passageway 400 
from the expansion valve 100 to the evaporator 50 and 
another heat exchanger 345 is arranged in a passage- 
way 402 from the evaporator 50 to a compressor. A first 
fan 404 is arranged adjacent to the heat exchanger 344, 
for cooling the refrigerant introduced into the evaporator 
and obtaining a liquid state of the refrigerant. A second 
fan 406 is arranged adjacent to the heat exchanger 344, 
for heating a combined gas-liquid state of the refrigerant 
to obtain a superheated condition of the refrigerant be- 
fore it is introduced into the compressor. 

In the embodiments, orifices, an expansion valve, or 
a serpentine passageway, are used for reducing the 
pressure of the cooling medium introduced into the evap- 
orating section, but in place of these means, other equiv- 
alent means such as capillaries may be used. 

Claims 

1. An evaporator adapted for use in a refrigerating 
cycle for a refrigerant, comprising: 

an inlet for introduction of the refrigerant to be 
evaporated; 

an outlet for removal of the refrigerant after 
evaporation; 

an inlet passageway (44) having a predeter- 
mined length and connected to the inlet for. 
allowing a flow of the refrigerant from the inlet; 



an outlet passageway (45) having a predeter- 
mined length and connected to the outlet for 
allowing a flow of the refrigerant, and; 
an evaporating means (51) connected to the 

s inlet passageway (44)for obtaining a heat 

exchange between the refrigerant inside and a 
fluid outside the evaporating means f oran evap- 
oration of the refrigerant therein, characterized 
in that it further comprises: 

10 a first pressure reducing means (1 00) arranged 

upstream from said inlet passageway (44) for 
throttling the flow of the refrigerant to the inlet 
passageway for reducing a pressure of the 
refrigerant flowing into the inlet passageway; 

is a second pressure reducing means (60) 

arranged between the inlet passageway (44) 
and said evaporating means (51 ) for reducing a 
pressure of the refrigerant flowing into the evap- 
orating means (51); 

20 the refrigerant from the evaporating means (51 ) 

being under a combined gas-liquid state; 
first heat exchanging means (42, 44, 40) 
arranged between said first and second pres- 
sure reducing means to obtain a liquid state of 

25 the refrigerant before the refrigerant is intro- 

duced into the second pressure reducing 
means (60); 

second heat exchanging means (41, 45, 43) 
arranged in the outlet passageway for heating 
30 the refrigerant under the combined gas liquid 

state to a super heated state. 

2. An evaporator according to claim 1 , wherein said 
first and second heat exchanging means are 

35 arranged in such a manner that a heat exchange 
occurs between the refrigerant in the inlet passage- 
way and the refrigerant in the outlet passageway. 

3. An evaporator according to claim 1 , wherein said 
40 first heat exchanging means are separately con- 
structed in such a manner that the cooling of the 
refrigerant at the first heat exchanging means and 
the heating of the refrigerant at the second heat 
exchanging means take place independently. 

45 

4. An evaporator according to claim 1 , wherein said 
evaporating means comprise a plurality of stacked 
plates, each of said plates having a first tubular pro- 
jection, a second tubular projection, and a recess, 

so each of an adjacent pair of said plates being 
arranged such that said first and said second tubular 
projections and said recess, respectively, face 
inward, whereby an inlet tank is formed inside said 
first projection and an outlet tank is formed inside 

55 said second projection, and such that a plurality of 
evaporation passageways are formed by said 
recess, said evaporation passageways connecting 
the inlet tank with the outlet tank, and outside air 
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being passed between said adjacent pairs of plates. 

5. An evaporator according to claim 4, wherein the 
evaporating means further comprises a plurality of 
fins arranged between said adjacent pairs of plates, 5 
such that the outside air flow is in contact with the 
fins. 

6. An evaporator according to claim 1, wherein the 
evaporating means comprise a pipe having a ser- 10 
pentine shape composed of a plurality of parallel 
sections, and curved sections connecting adjacent 
parallel sections. 

7. An evaporator according to claim 1, wherein said is 
evaporating means (51) comprises a plurality of 
evaporating passageways. 

8. An evaporator according to claim 1 , wherein said 
second pressure reducing means is an orifice ( 1 60). 20 

9. An evaporator according to claim 7, wherein said 
second pressure reducing means comprise a plural- 
ity of orifices (60) arranged in the respective evapo- 
rating passageways. ?s 

10. An evaporator according to claim 1, wherein said 
second pressure reducing means comprises a ser- 
pentine portion (200) in the inlet passageways (244). 

30 

11. An evaporator according to claim 1 , wherein the first 
pressure reducing means is an expansion valve 

(100) , which is operated in accordance with a tem- 
perature in the outlet passageway downstream 

(101) from said outlet passageway. 35 

12. An evaporator according to claim 11, wherein said 
second pressure reducing means is an expansion 
valve. 

40 

1 3. An evaporator according to claim 1 , wherein the first 
heat exchange means has a plurality of an inlet pas- 
sageways, said second heat exchange means has 
a plurality of outlet passageways; 

the inlet and outlet passageways being arranged 45 
close to each other. 

14. An evaporators according to claim 1 3, wherein said 
heat exchange means comprise a plurality of 
stacked plates, each of said plates having first and so 
second portions outwardly projected therefrom and 
third and fourth portions opposingly projected there- 
from, the first, second, third and fourth portions form- 
ing first, second, third and fourth openings, respec- 
tively, and a corrugated section at an area of each 55 
of the plates other than of the first, second, third and 
fourth projected portions, adjacent plates being 
arranged to be opposingly faced so that inlet pas- . 



sageways are formed between the facing plates at 
the corrugated portion, and the outlet passageways 
are formed between adjacent plates opposite the 
inlet passageway, the first and the second openings 
of the plates being in communication with the in let 
passageways, and the third and the fourth openings 
of the plates being in communication with the outlet 
passageways. 

1 5. An evaporator according to claim 1 , wherein the inlet 
(1 1 ) and the outlet (12) are formed in a joint block. 

16. An evaporator according to claim 15, wherein said 
joint block, said heat exchange section and said 
evaporating sections are connected to each other to 
thereby form an assembled evaporator. 

17. An evaporator according to claim 1 , wherein the 
evaporator is constructed by a first evaporating sec- 
tion and a second evaporating section. 

18. An evaporator according to claim 17, wherein said 
first and second evaporating sections are arranged 
on the sides of the first and second heat exchanging 
means, respectively. 

19. An evaporator according to claim 1, wherein said 
evaporating means comprise an inlet tank (70) and 
an outlet tank (71), and tubes (81, 82) connecting 
the tanks (70, 7 1 ) with each other, the tubes (81 , 82) 
forming U-shape, the inlet and outlet (70, 71) tanks 
are arranged adjacent with each other. 

20. An evaporator according to claim 1, wherein said 
evaporating means comprise an inlet tank (70) and 
an oulet tank (71), and a plurality of tubes (81, 82) 
connecting the tanks with each other, all of the refrig- 
erant flowing into the inlet tank (70) is, via all of the 
tubes, (81, 82) issued to the outlet tank (71). 

21. A refrigerating system comprising; 

a recirculating line for a refrigerant; 
a compressor (1) arranged on the recirculation 
line for compressing the refrigerant; 
a condenser (2) arranged on the recirculation 
line downstream of the compressor for con- 
densing the refrigerant in a gaseous state and 
having a high pressure and a high temperature 
from the compressor; 

an expansion valve (3) arranged on the recircu- 
lation line downstream of the condenser, for 
subjecting the refrigerant to an adiabatic expan- 
sion process: 

an evaporator (4) arranged on the recirculation 
line downstream of the condenser, for vaporiz- 
ing the refrigerant having a reduced pressure 
after expansion, 
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characterized in that, 

it further comprises pressure reducing means 
( 1 00) arranged on the recirculation line between 
said expansion valve (3) and said evaporator 
(4) for reducing a pressure of the refrigerant s 
from the expansion valve to the evaporator, and; 
a heat exchange device (40-45) for obtaining a 
heat exchange of the refrigerant between the 
expansion valve and the pressure reducing 
means with the refrigerant after it is evaporated 10 
by the evaporator when in a gas-liquid state and 
before becoming a completely saturated gas. 



Patentanspruche 15 

t . Verdampf er zur Verwendung in einem Kuhlkreis fur 
ein Kuhlmittel, umfassend: 

einen EinlaG zur Einfuhrung des zu verdamp- 20 
fenden Kuhlmittels, einen AuslaO zur Abf uhrung 
des Kuhlmittels nach der Verdampfung, 
einen EinlaBkanal (44), der eine vorbestimmte 
Lange aufweist und mit dem EinlaB verbunden 
ist, um einen Kuhlmittelstrom von dem EinlaG 25 
aus zuzulassen, 

einen AuslaBkanal (45), der eine vorbestimmte 
Lange aufweist und mit dem AuslaB verbunden 
ist, um einen KGhlmittelstrom zuzulassen, und 
eine Verdampf ungseinrichtung (51), die mit 30 
dem EinlaBkanal (44) in Verbindung stent, um 
einen Warmeaustausch zwischen dem Kuhlmit- 
tel innerhalb der Verdampfungseinrichtung und 
einem Fluid auBerhalb der Verdampfungsein- 
richtung zur dortigen Verdampfung des Kuhlmit- 35 
tels zu erzielen, dadurch gekennzeichnet, 
daB der Verdampfer weiter umfaBt: 
eine erste Druckreduziereinrichtung (100), die 
stromaufwarts des EinlaBkanals (44) angeord- 
net ist, zur Drosselung des Kuhlmittelstroms zu 40 
dem EinlaBkanal hin zur Reduzierung des 
Drucks des in den EinlaBkanal einstromenden 
Kuhlmittels, 

eine zweite Druckreduziereinrichtung (60), die 
zwischen dem EinlaBkanal (44) und der Ver- 45 
dampfungseinrichtung (51) angeordnet ist, zur 
Reduzierung des Drucks des in die Verdamp- 
fungseinrichtung (51) einstromenden Kuhlmit- 
tels, 

wobei sich das von der Verdampf ungsein rich- so 
tung (51) aus kommende Kuhlmittel in gasfor- 
migem/flussigen Kombinationszustand befin- 
det, 

eine erste Warmetauschereinrichtung (42, 44, 
40), die zwischen der ersten Druckreduzierein- 55 
richtung und der zweiten Druckreduziereinrich- 
tung angeordnet ist, um einen flussigen 
Zustand des Kuhlmittels zu erreichen bevor das 



Kuhlmittel in die zweite Druckreduziereinrich- 
tung (60) eingefuhrt wird, und eine zweite War- 
metauschereinrichtung (41, 45, 43), die im Aus- 
laBkanal angeordnet ist, zum Erwarmen des 
sich in gasformigem/flussigen Kombinationszu- 
stand befindenden Kuhlmittels auf einen uber- 
hitzten Zustand. 

2. Verdampfer nach Anspruch 1 , wobei die erste und 
die zweite Warmetauschereinrichtung derart ange- 
ordnet sind, daB ein Warmeaustausch zwischen 
dem Kuhlmittel im EinlaBkanal und dem Kuhlmittel 
im AuslaBkanal stattfindet. 

3. Verdampfer nach Anspruch 1 , wobei die erste War- 
metauschereinrichtung separat in solcher Weise 
gestaltet ist, daB das Kuhlen des Kuhlmittels an der 
ersten Warmetauschereinrichtung und das Erwar- 
men des Kuhlmittels an der zweiten Warmetau- 
schereinrichtung unabhangig stattfinden. 

4. Verdampfer nach Anspruch 1 , wobei die Verdamp- 
fungseinrichtung eine Vielzahl von gestapelten Plat- 
ten aufweist, wobei jede dieser Platten einen ersten 
rohrformigen Vorsprung, einen zweiten rohrfdrmi- 
gen Vorsprung und eine Ausnehmung aufweist, 
jedes Paar einander benachbarter Plattenpaare 
derart angeordnet ist, daB die ersten und die zweiten 
rohrformigen Vorsprunge und die Aussparung nach 
innen gewandt sind, wodurch ein EinlaBbehalter 
innerhalb des ersten Vorsprungs und ein AuslaGbe- 
halter innerhalb des zweiten Vorsprungs gebildet 
sind, und derart angeordnet sind, daB eine Vielzahl 
von Verdampfungskanalen durch die Aussparung 
gebildet ist wobei die Verdampfungskanale den 
EinlaBbehalter mit dem AuslaBbehalter verbinden 
und AuBenluft zwischen den einander benachbar- 
ten Plattenpaaren hindurchgefuhrt wird. 

5. Verdampfer nach Anspruch 4, wobei die Verdamp- 
fungseinrichtung des weiteren eine Vielzahl von 
Rippen umfaBt, die zwischen benachbarten Platten- 
paaren derart angeordnet sind, daB der AuBenluft- 
strom mit den Rippen in Beruhrung steht. 

6. Verdampfer nach Anspruch 1 , wobei die Verdamp- 
fungseinrichtung ein Rohr mit einerschlangenformi- 
gen Gestalt umfaBt, die aus einer Vielzahl von par- 
allelen Abschnitten und gekrummten Abschnitten 
zusammengesetzt ist, die benachbarte parallele 
Abschnitte verbinden. 

7. Verdampfer nach Anspruch 1, wobei die Verdamp- 
fungseinrichtung (51) eine Vielzahl von Verdamp- 
fungskanalen umfaBt. 

8. Verdampfer nach Anspruch 1, wobei die zweite 
Druckreduziereinrichtung eine Offnung (160) ist. . 
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9. Verdampfer nach Anspruch 7, wobei die zweite 
Druckreduziereinrichtung eine Vielzahl von Offnun- 
gen (60) umfaBt, die in den jeweiligen Verdamp- 
fungskanalen angeordnet sind. 

5 

10. Verdampfer nach Anspruch 1, wobei die zweite 
Druckreduziereinrichtung einen schlangenformigen 
Bereich (200) in den EinlaBkanalen (244) umfaGt. 

11. Verdampfer nach Anspruch 1, wobei die erste 10 
Druckreduziereinrichtung ein Expansionsventil 
(100) ist, das entsprechend der Temperatur in dem 
AuslaBkanal stromabwarts (101 ) des AuslaBkanals 

in Betrieb genommen wird. 

15 

12. Verdampfer nach Anspruch 11, wobei die zweite 
Druckreduziereinrichtung ein Expansionsventil ist. 

1 3. Verdampfer nach Anspruch 1 , wobei die erste War- 
metauschereinrichtung eine Vielzahl von EinlaGka- 20 
nalen aufweist, die zweite Warmetauschereinrich- 
tung eine Vielzahl von AuslaBkanalen aufweist, 
wobei die EinlaB- und die AuslaBkanale dicht bei- 
einander angeordnet sind. 

25 

14. Verdampfer nach Anspruch 13, wobei die Warme- 
tauschereinrichtung eine Vielzahl von gestapelten 
Pfatten umfaBt, wobei jede Platte von ihr aus vor- 
springende erste und zweite Bereiche und von ihr 
aus entgegengesetzt vorspringende dritte und vierte 30 
Bereiche, wobei die ersten, die zweiten, dritten und 
vierten Bereiche erste, zweite, dritte bzw. vierte Off- 
nungen bilden, und einen gewellten Abschnitt an 
einem Gebiet jeder der Platten auBer an den ersten, 
zweiten, dritten und vierten vorspringenden Berei- 35 
chen aufweist, wobei benachbarte Platten derail 
angeordnet sind, daft sie entgegengesetzt ausge- 
richtet sind, so daB EinlaBkanale zwischen den ein- 
ander zugewandten Platten an dem gewellten 
Abschnitt ausgebildet sind und die AuslaBkanale 40 
zwischen den benachbarten Platten dem EinlaBka- 

nal gegenuberliegend ausgebildet sind, wobei die 
ersten und zweiten Offnungen der Platten mit den 
EinlaBkanalen in Verbindung stehen und die dritten 
und die vierten Offnungen der Platten mit den Aus- 
laGkanalen in Verbindung stehen. 

15. Verdampfer nach Anspruch 1, wobei der EinlaB (11) 
und der AuslaB (12) in einem Verbindungsblock aus- 
gebildet sind. so 

16. Verdampfer nach Anspruch 15, wobei der Verbin- 
dungsblock die Warmetauschersektion und die Ver- 
dampfungssektionen miteinander in Verbindung 
stehen, urn einen zusammengebauten Verdampfer ss 
zu bilden. 

17. Verdampfer nach Anspruch 1, wobei der Verdamp- 



fer von einer ersten Verdampfungssektion und einer 
zweiten Verdampfungssektion gebildet ist. 

18. Verdampfer nach Anspruch 17, wobei die erste und 
die zweite Verdampfungssektion an den Seiten der 
ersten bzw. der zweiten Warmetauschereinrichtung 
angeordnet sind. 

19. Verdampfer nach Anspruch 1, wobei die Verdamp- 
fungseinrichtung einen EinlaBbehalter (70) und 
einen AuslaBbehalter (71) und Rohre (81, 82). die 
die Behalter (70, 71 ) miteinander verbinden, umfaBt, 
wobei die Rohre (81 , 82) eine U-formige Gestalt auf- 
weisen und der EinlaBbehalter (70) und der 
AuslaBbehalter (71) nahe beieinander angeordnet 
sind. 

20. Verdampfer nach Anspruch 1 , wobei die Verdamp- 
fungseinrichtung einen EinlaBbehalter (70) und 
einen AuslaBbehalter (71) und eine Vielzahl von 
Rohren (81, 82), die die Behalter miteinander ver- 
binden, umfaBt, wobei das gesamte in den 
EinlaBbehalter (70) einstrdmende Kuhlmittel uber 
alle Rohre (81, 82) zu dem AuslaBbehalter (71) 
gefuhrt ist. 

21. Kuhlsystem umfassend: 

eine Zirkuiationsleitung fur ein Kuhlmittel, einen 
an der Zirkuiationsleitung angeordneten Kom- 
pressor (1) zum Komprimieren des Kuhlmittels, 
einen an der Zirkuiationsleitung stromabwarts 
des Kompressors angeordneten Kondensator 

(2) zum Kondensieren des vom Kompressor 
kommenden Kuhlmittels in gasformigem 
Zustand und mit hohem Druck und hoher Tem- 
peratur, 

ein an der Zirkuiationsleitung stromabwarts des 
Kondensators angeordnetes Expansionsventil 

(3) , urn das Kuhlmittel einem adiabaten Expan- 
sionsvorgang zu unterziehen, 

einen an der Zirkuiationsleitung stromabwarts 
des Kondensators angeordneten Verdampfer 

(4) , urn das Kuhlmittel mit reduziertem Druck 
nach der Expansion zu verdampfen, 
dadurch gekennzeichnet, daB 

das Kuhlsystem des weiteren eine an der Zirku- 
iationsleitung zwischen dem Expansionsventil 
(3) und dem Verdampfer (4) angeordnete 
Druckreduziereinrichtung (100) zur Reduzie- 
rung des Drucks des Kuhlmittels auf dem Weg 
vom Expansionsventil zum Verdampfer und 
eine Warmetauschereinrichtung (40-45) zur 
. Erzielung eines Wanmeaustausches des Kuhl- 
mittels zwischen dem Expansionsventil und der 
Druckreduziereinrichtung mit dem Kuhlmittel 
umfaBt, nachdem dieses mittels des Verdamp- 
fers verdampft worden ist, wenn es sich noch in 
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gasformigem/Flussigen Zustand befindet und 
bevor es ein vollstandig gesattigtes Gas wird. 



Revendications 5 

1. Evaporateur concu pour etre utilise dans un cycle 
frigorifique d'un frigorigene, comprenant : 

une entree pour Introduction du frigorigene a 10 
evaporer, 

une sortie pour la sortie du frigorigene apres 
evaporation, 

un passage d'entree (44) presentant une lon- 
gueur predetermines et relie a I'entree afin de is 
permettre un ecoulement du frigorigene depuis 
I'entree, 

un passage de sortie (45) presentant une lon- 
gueur predetermines et relie a la sortie afin de 
permettre un ecoulement du frigorigene, et 20 
un moyen d'evaporation (51) relie au passage 
d'entree (44) afin d'obtenir un echange de cha- 
leur entre le frigorigene present a I'interieur et 
un fluide present a I'exterieur du moyen d'eva- 
poration en vue d'une evaporation du frigori- 25 
gene present dans celui-ci, caracterise en ce 
qu'il comprend en outre : 
un premier moyen reducteur de pression (100) 
dispose en amont dudit passage d'entree (44) 
afin d'etrangler I'ecoulement du frigorigene 30 
dans le passage d'entree de facon a red u ire la 
pression du frigorigene s'ecoulant dans le pas- 
sage d'entree, 

un second moyen reducteur de pression (60) 
dispose entre le passage d'entree (44) et ledit 35 
moyen d'evaporation (51) afin de reduire la 
pression du frigorigene s'ecoulant dans le 
moyen d'evaporation (51), 
le frigorigene provenant du moyen d'evapora- 
tion (51 ) etant a I'etat combine gazeux-liquide, 40 
des premiers moyens d'echange de chaleur 
(42, 44, 40) disposes entre lesdits premier et 
second moyens reducteurs de pression afin 
d'obtenir un etat liquide du frigorigene avant que 
le frigorigene sort introduit dans le second 45 
moyen reducteur de pression (60), 
des seconds moyens d'echange de chaleu r (41 , 
45, 43) disposes dans le passage de sortie afin 
de chauffer le frigorigene a I'etat combine 
gazeux-liquide jusqu'a un etat surchauffe. so 

2. Evaporateur selon la revendication 1, dans lequel ' 
lesdits premiers et seconds moyens d'echange de 
chaleur sont disposes de telle maniere qu'un 
echange de chaleur se produit entre le frigorigene 5S 
present dans le passage d'entree et le frigorigene 
present dans le passage de sortie. 



3. Evaporateur selon la revendication 1 , dans lequel 
lesdits premiers moyens d'echange de chaleur sont 
construrts sgparement de telle maniere que le ref roi- 
dissement du frigorigene au niveau des premiers 
moyens d'echange de chaleur et le chauffage du fri- 
gorigene au niveau des seconds moyens d'echange 
de chaleur se fassent independamment. 

4. Evaporateur selon la revendication 1 , dans lequel 
ledit moyen d'evaporation comprend une multitude 
de plaques empilees, chacune desdites plaques 
comportant un premier prolongement tubulaire, un 
second prolongement tubulaire, et un evidement, 
chacune des plaques adjacentes d'une paire de 
dites plaques etant disposee de telle facon que les- 
dits premiers et dits seconds prolongements tubu- 
laires et ledit evidement, respectivement, sont face 
vers I'interieur, cfou il resulte qu'un reservoir d'entree 
est forme a I'interieur dudit premier prolongement et 
qu'un reservoir de sortie est forme a I'interieur dudit 
second prolongement, et de telle maniere qu'une 
multitude de passages d'evaporation sont formes 
par ledit evidement, lesdits passages d'evaporation 
reliant le reservoir d'entree au reservoir de sortie, et 
I'air exterieur passant entre lesdites paires de pla- 
ques adjacentes. 

5. Evaporateur selon la revendication 4, dans lequel le 
moyen d'evaporation comprend en outre une multi- 
tude d'ailettes disposees entre lesdites paires de 
plaques adjacentes, de sorte que I'ecoulement d'air 
exterieur est en contact avec les ailettes. 

6. Evaporateur selon la revendication 1 , dans lequel le 
moyen d'evaporation comprend un tuyau presen- 
tant une forme en serpentin compose d'une multi- 
tude de parties paralleles, et de parties incurvees 
reliant des parties paralleles adjacentes. 

7. Evaporateur selon la revendication 1 , dans lequel 
ledit moyen d'evaporation (51) comprend une mul- 
titude de passages d'evaporation. 

8. Evaporateur selon la revendication 1 , dans lequel 
ledit second moyen reducteur de pression est un ori- 
fice (160). 

9. Evaporateur selon la revendication 7, dans lequel 
ledit second moyen reducteur de pression com- 
prend une multitude d'orifices (60) disposes dans 
les passages d'evaporation respectifs. 

10. Evaporateur selon la revendication 1, dans lequel 
ledit second moyen reducteur de pression com- 
prend une partie en serpentin (200) dans les passa- 
ges d'entree (244). 

1 i . Evaporateur selon la revendication 1 , dans lequel le 
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premier moyen reducteur de pression est un deten- 
deur (100) qui est actionne en fonction de la tempe- 
rature dans le passage de sortie en aval (101 ) dudit 
passage de sortie. 

12. Evaporateur selon la revendication 11, dans lequel 
ledit second moyen reducteur de pression est un 
detendeur. 

1 3. Evaporateur selon la revendication 1 , dans lequel le 
premier moyen d'echange de chaleur comporte une 
multitude de passages d'entree, 

ledit second moyen d'echange de chaleur com- 
porte une multitude de passages de sortie, 
les passages d'entree et de sortie etant dispo- 
ses a proximite les uns des autres. 

14. Evaporateur selon la revendication 13, dans lequel 
lesdits moyens d'echange de chaleur comprennent 
une multitude de plaques empilees, chacune desdi- 
tes plaques comportant des premiere et seconde 
parties depassant de celles-ci vers I'exterieur et des 
troisieme et quatrieme parties depassant de cel- 
les-ci a I'oppose, les premiere, seconde, troisieme 
et quatrieme parties formant des premiere, 
seconde, troisieme et quatrieme ouvertures, res- 
pectivement, et une partie ondulee au niveau d'une 
zone de chacune des plaques autre que celle des 
premiere, seconde, troisieme et quatrieme parties 
prolongees, les plaques adjacentes etant disposees 
de facon a se faire face de sorte que des passages 
d'entree sont formes entre les plaques se faisant 
face au niveau de la partie ondulee, et que des pas- 
sages de sortie sont formes entre les plaques adja- 
centes a I'oppose du passage d'entree, les premie- 
res et les secondes ouvertures des plaques etant en 
communication avec les passages d'entree, et les 
troisiemes et les quatriemes ouvertures des plaques 
etant en communication avec les passages de sor- 
tie. 

15. Evaporateur selon la revendication 1, dans lequel 
I'entree (11) et la sortie (12) sont formees dans un 
bloc de jonction. 

16. Evaporateur selon la revendication 15, dans lequel 
ledit bloc de jonction, ladite partie d'echange de cha- 
leur et lesdites parties d'evaporation sont relies les 
uns aux autres afin de former ainsi un evaporateur 
assemble. 

17. Evaporateur selon la revendication 1, dans lequel 
I'evaporateur est constitue d'une premiere partie 
d'evaporation et d'une seconde partie d'evapora- 
tion. 

18. Evaporateur selon la revendication 17, dans lequel 



lesdites premiere et seconde parties d'evaporation 
sont disposees sur les cotes des premiers et 
seconds moyens d'echange de chaleur, respective- 
ment. 

5 

19. Evaporateur selon la revendication 1, dans lequel 
lesdits moyens d'evaporation comprennent un 
reservoir d'entree (70) et un reservoir de sortie (71 ), 
et des tubes (81, 82) reliant les reservoirs (70, 71) 

10 |'un a I'autre, les tubes (81 , 82) etant en forme de U, 
les reservoirs d'entree et de sortie (70, 71 ) etant dis- 
poses Tun a cote de I'autre. 

20. Evaporateur selon la revendication 1, dans lequel 
15 lesdits moyens d'evaporation comprennent un 

reservoir d'entree (70) et un reservoir de sortie (71 ), 
et une multitude de tubes (81 , 82) reliant les reser- 
voirs Tun a I'autre, la totalite du frigorigene s'ecou- 
lant dans le reservoir d'entree (70) etant, par I'inter- 
20 mediaire de la totalite des tubes (81 , 82), distribute 
au reservoir de sortie (71). 

21. Systeme frigorifique comprenant : 

2S une ligne de recirculation pour un frigorigene, 

un compresseur (1 ) dispose sur la ligne de recir- 
culation afin de comprimer le frigorigene, 
un condenseur (2) dispose sur la ligne de recir- 
culation en aval du compresseur afin de con- 

30 denser le frigorigene a i'etat gazeux et presen- 

tant une pression elevee et une temperature 
elevee provenant du compresseur, 
un detendeur (3) dispose sur la ligne de recir- 
culation en aval du condenseur, afin de soumet- 

35. tre le frigorigene a un processus de detente 

adiabatique, 

un evaporateur (4) dispose sur la ligne de recir- 
culation en aval du condenseur, afin de vapori- 
ser le frigorigene presentant une pression 
40 reduite apres detente, 

caracterise en ce que, 

il comprend en outre un moyen reducteur de 
pression (100) dispose sur la ligne de recircula- 
tion entre ledit detendeur (3) et ledit evaporateur 

45 (4) afin de reduire la pression du frigorigene 

entre le detendeur et I'evaporateur, et 
un dispositif d'echange de chaleur (40 a 45) afin 
d'obtenir un echange de chaleur du frigorigene 
entre le detendeur et le moyen reducteur de 

50 pression avec le frigorigene apres qu'il a ete 

evapore par I'evaporateur a I'etat 
gazeux-liquide et avant de devenir un gaz entie- 
rement sat u re. 

55 
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